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Introduction
In the last few years, a set of studies examining both the cytology and physiology of hair cells in the ear of a teleost fish, Astronotus ocellatus, has revealed two distinct types [Saidel et al., L990a, b; Yan et al., 1991; Chang et al.. 1992; Popper et al., 1993] . This discovery of different hair cell types in a fish inner ear is notable, because it contradicted an often-repeated assertion that the ears of teleosts possess only one structural type of vestibular hair cell, unlike the ears of amniotic vertebrates, which possess two types (types I and II) [e.g., Werstill, 1956 Werstill, , 1960 Wers_ill et al., t965; Lowenstein, 1974;  see Lewis et at., t985]. The apparent lack of a type I hair cell in teleost ears suggested that the type I hair cell is a phylogenetically new receptor cell of amniotes.
Prior to these analyses of hair ceils in Astronotus, most indications of hair cell variation in fishes were noted in SEM studies of ciliary bundle structure. For example, in the goldfish Carassius auratus [Platt, 1977] and other ver-tebrates [see review in Lewis et al., 1985] , morphological differences in the absolute lengths of the kinocilium and stereovilli and relative differences in lengths of these two features of 'the te[eost hair cell" were described. Fay, 1978 Fay, , 1981 Fay, , 1988 Sento and Furukawa, 1987] . 
Methods
The details of each method have been described in prior publi a lions [Saidel et al., 1990a, b; Chang et al., 1992] . Animal procedu e:were approved by the UMCP Animal Care and Use Committee.
S-1O0 Visualization
Goldfish saccules were embedded in paraffin after fixation in-._ paraformaidehyde in 0.1 M phosphate buffer. Saccules were emb_ _I.
ded in paraffin, serially cut at 4-6 urn, rehydrated to buffer, immer: :c in 5% goat serum in buffer for 1 h at 4°C, rinsed in buffer, incuba[::d with a primary polyclonal antibody diluted 1:500 overnight at 4 C (rabbit Anti-S-100, Incstar Corporation, no. 22520, lot no. 882102 i and subsequently treated by the peroxidase-antiperoxidase (PAP) p_ cedure to visualize the S-100 antibody [Said.el et al., 1990b] .
Ultrastructure of Hair Cells
The ultrastructure of saccular hair cells was examined usin_ slight variation in the technique used to define the organelle diff: cences between hair cell types [Chang et al., 1992] . The saccular sensory epithelia from three 6 cm standard Ien_ !_ specimens were obtained following deep anesthesia with MS-27 2, opening of the otic chambers, and immersion in fixative (2% pm _formaldehyde and 3% glutaraldehyde in 0. I M phosphate buffer, t l 7.4) at room temperature.
The ears were removed from the head a:d immersed in fresh fixative. Additional fixative was injected into t e saccular pouch. Saccular otoliths were removed, and tissues remain, d in fixative at room temperature for a minimum of 1 h, then ovemig:_t at 4°C. Sensory epithelia were post-fixed in 1% OsOa in 0.1 M phcphate buffer, dehydrated and embedded in Embed 812 (EMS). Tie plastic was polymerized in a 60°C oven for 48 h. One saccule from each of the goldfish was sectioned. The epithel a of the first two saccules were cut perpendicular to the long axis (cros :sectioned). The third saccule was sectioned parallel to the long ax_s (sagittally-sectioned). The first saccule was serially sectioned at 2 pl :, and thin sections were sampled at 150-180 gm intervals. The seco_,d saccule was not serially sectioned. Instead, thick and thin sections we:e taken at 150-180 _m intervals. The third saccule was divided ,n two along the rostrocaudal axis. Each part was serially sectioned _t I-2 um along the long axis, and occasional thin sections were take:-..
Thin sections (80-90 nm) were stained with 5% methanolic ur :nyl acetate and I% aqueous lead citrate. Sections from each of tt sampling intervals were examined and photographed in a Zeiss 1) transmission electron microscope operated at 60 kV. Photograph : montages at 1,600x magnification of entire cross-sections at represe_tative areas were made, and all hair cells in a montage were examint t for each of the identifying TEM characteristics [Chang et al., 1992 .
Each cell was categorized as a type-[ like or type II hair cells or :,_ intermediate variety.
Nerve Studies
To distinguish between the types of nerve fibers that innervate tl-: type I-like hair cells, as opposed to the type II hair cells, the ferri_ferrocyanide nerve stain was used [see Quick and Waxman, 197:: Saidel, 1988; Saidel et al., 1990a] . (This stain identifies electrogen : sites on a nerve membrane,)
Fish were deeply anesthetized in MS-222 and perfused with 0.7 ( NaC1, fotlowed by an initial fixative (2.5% glutaratdehyde and 2_, paraformaldehyde in 0. l M cacodylate buffer, pH 7.4). The saccuk:
sensory epithelium was isolated with its innervating eighth nerve: After fixation times of 2-3 h, the epithelium was rinsed in buffer and postfixed in 1% OsO,. After other rinses in buffer, tissues were immersed in 0.02-0.04 M FeCI_ for 2 h. rinsed in distilled water, and immersed in 1% K,Fe(CN)_x3 H:O, pH 2, for 20 min with constant agitation. Tissues were embedded in an Epon-Araldite mixture and sectioned at 1-3 lain with glass knives.
Results
The saccule of Carassius is relatively long and narrow fig.4) .
No ferric-ferrocyanide staining of intraepithelial nerve processes was seen at the caudal end of the epithelium.
Discussion
The different and independent evaluations reported here demonstrate differences in the types of hair cells in the rostral and caudal regions of the saccular epithelium in Caras-sius auratus. These differences are similar to those exhibited by hair ceils in the utricte and saccule of Astronotus.
Using the terminology of Chang et al. [1992] , each of these differences parallels the type I-like/type [I dichotomy of hair cell structure first used to describe utricular hair cells in Astronotus [Saidel et al., 1990a, b; Yan et al., 1991; Chang et al., 1992] .
Comparing Cell Types Between Carassius and Astronotus
The differentiation between saccular hair cells of Carassius is also similar to the differentiation of hair cells in the saccule of Astronotus [Popper et al., 1993] , except for dis- 
Astronotus.
In the utricle, hair cells exhibiting similar variations are located between the type I-like hair cells in the striola and the type II hair ceils in the extrastriolar region.
As noted above, the regional distributions of hair cell types in the saccules of Carassius and Astronotus differ.
However, a common regional distribution of the type I-like and type II hair cells exists in the utricular and lagenar epi- where the immunoreactive type I-like hair cells are also shorter than the non-immunoreactive type II hair cells found at the saccular margins [Popper et al., 1993] .
The size relationship of hair cells in the utricle of Astronotus is complicated by an additional feature. As in the sac- Lauder and Liem, 1983; Nelson, 1984] , we believe that many species within the Euteleostei will also possess at least these two classes of hair cells, and we suspect that hair cell heterogeneity may be a common occur- Hama, 1969 Hama, , 1980 Nakajima and Wang, 1974; Hama and Saito, 1977] lacked evidence for distinguishing type I-like hair cells from type II cells. Although we cannot be certain, non-systematic sampling in TEM studies may have led to the absence of a clear definition between types of hair cells in the species studied prior to our work.
However, hints do exist in the literature that hair cell heterogeneity may be widespread.
Wegner [1982] , in the one study that focused on hair cell structure and spatial location, identified regional ultrastructural differences among various hair cells in the lagena of the anabantid
Colisa that are consistent with our definition of different types of hair cells. Indications of other types of ultrastruc-turalevidence formultiplehaircelltypes werefoundin a lamprey [Hoshino, 1975] andin elasmobranchs [Lowensteinetal.,1964; Corwin, 1977] . In theJapanese lamprey, Hoshino [1975] classified two typesof haircellsbased uponthepresence or absence of a striated organelle that extends fromtheapical surface towards thebasal endof a haircell.Although these organelles do not resemble the perinuclear cistemae foundin Carassius or Astronotus, their presence or absence suggests the ear in lampreys contains more than one type of hair cell.
Studies from the ear of the thornback ray [Lowenstein et al., 1964] It has been hypothesized that otolithic ear endorgans of fish may serve both the auditory and the vestibular sensory systems [e.g., Platt and Popper, 1981; Popper et al., 1982; Platt, 1983; Schellart and Popper, 1992] . Certainly, in some specialized cases, such as the herring-like fishes (Clupeidae) and marine catfish (Ariidae), the utricle does serve both auditory and vestibular functions [e.g., Blaxter et al., 1981; Popper and Tavolga, 1981] , and in flatfish, the saccule controls posture [Sch6ne, 1964; Platt, 1973] 
